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Abstract. We detected the second historical outburst of the 1920 nova IM Nor. Accurate astrometry of the 
outbursting object revealed the true quiescent counterpart having a magnitude of _R=17.0 mag and _B=18.0 mag. 
We show that the quiescent counterpart shows a noticeable variation. From the comparison of light curves and 
spectroscopic signatures, we propose that IM Nor and CI Aql comprise a new class of recurrent novae bearing 
some characteristics similar to those of classical novae. We interpret that the noticeable quiescent variation can 
be a result of either high orbital inclination, which may be also responsible for the low quiescent brightness, or 
the presence of high/low states. If the second possibility is confirmed by future observations, IM Nor becomes the 
first recurrent nova showing state changes in quiescence. Such state changes may provide a missing link between 
recurrent novae and supersoft X-ray sources. 
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1. Introduction 



cataclysmic variables — Stars: individual (IM Nor) 



IM Nor was originally discovered as a possible nova in 1920 



by I. E. Woods from Harvard plates (cf. Elliot & Liller 



1972; Duerbeck 1987). The object was first detected on a 



plate taken on 1920 July 7 as a 9 mag star. Upon noting 
the possibl e identification with a UHURU X-ray source 2U 
1536-52(], lEUiot fc Liller (1972|) surveyed Harvard plates 
and constructed a light curve. Although the light curve 
was rather fragmentary, Elliot fc Liller (1972| ) suggested 
a similarity with the light curves of slow novae, especially 
DQ Her and the recurrent nova T Pyx. No spectroscopic 
observation was made during the 1920 eruption. 

The quiescent identificatio n of IM Nor was confu sing. 
At the position of the nova, Elliot fc Liller (1972) re 



nal studies, Duerbeck (1987] ) reported the remeasured po- 
sition of the nova, and different candidates for the qui- 
escent counterpart, whose exact identification remained 
uncertain (see Fig. |lj). 

The situation dramatically changed upon the discovery 
of the second historical outburst by W. Liller (Liller 2002). 
Subsequent observations confirmed the nova nature of the 
object ([Duerbeck et al. 2002|; [Rctter et al. 20021). This 



marked the presen ce of two stars near mag 21. [Wyckoff 
fc Wehinger (1979| ) spectroscopically studied these stars 
and revealed that these stars are late-type stars without 
emission lines. Wyckoff fc Wehinger (1979 ) concluded that 
the star is a late-type companion of the nova, or that these 
stars are not physic ally associated with the nova. Wyckoff 
fc Wehinger (1979|) set an lower hmit of AB=11.7 as the 
outburst amplitude. From this information and his origi- 
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^ The proposed identification wit h 2U 1536—52 
1538—52 was already questioned by Wyckofi' & Wehinger 



discovery qualifies IM Nor as the ninth recurrent nova in 
the Galaxy. 

2. Astrometry and Identification of the Prenova 

Upon discovery of the outburst, we derived accurate as- 
trometry from a CCD image taken on 2002 January 15.104 
UT with a 30-cm Schmidt-Cassegrain reflector at the 
Bronberg Observatory near Pretoria, South Africa. The 
astrometric reduction was done using 66 GSC-ACT stars 
(mean residual 0".3). Table gives a summary of astrom- 
etry of this nova in the available literature. 

Upon examination of the Digitized Sky Survey (DSS) 
images, we have identified a star of i?=:17.0 mag and 
S=18.0 mag. The star is different from the proposed can- 
didatcs by [Elliot fc Liller (1972|) (see also [Wyckoff fc 



Wehinger 1979 for a finding chart) or by Duerbeck (1987) 



4U 



More detailed examination of the available preoutburst 
photographs has revealed the presence of noticeable vari- 



(1979[). This X-ray source was later identified with an X-ray abihty (Yamaoka 2002), which also strengthens the pren- 



binary, QV Nor (see Kato 2002) 



ova identification. Estimated magnitude of the prenova 



2 



T. Kato et al.: Recurrent Nova IM Normae 



Table 1. Astrometry of IM Nor 



Source 


R.A. Decl. 


Remarks 




(J2000.0) 





Wyckoff fc Wehinger (1979| ) 



Duerbeck (1987 



Duerbeck (1987 



Duerbeck (1 987 
Liller (2002|j 



(Harvard plate) 
(candidate 1) 
(candidate 2) 



Garradd (2002) 



This work (from outburst image) 
Nearest USNO A2.0 entry 
DSS 2 quiescent counterpart 



15 39 24 


—52 19 34 


1,2 


15 39 26.25 


-52 19 21.3 


1 


15 39 26.12 


-52 19 23.3 


1 


15 39 26.50 


-52 19 22.2 


1 


15 39 26.61 


-52 19 18.6 




15 39 26.465 


-52 19 17.99 




15 39 26.47 


-52 19 18.2 




15 39 26.378 


-52 19 18.66 


3 


15 39 26.42 


-52 19 17.9 
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1: Precessed from B195Q.0. 

2: Remarked as incorrect in Duerbeck (1987). 

3: Blended. 

4: Marked with tick marks in Fig. |l[ 





Fig. 1. Left: Outburst image of IM Nor. Right: The quiescent counterpart of IM Nor (tick marks) on the DSS2 red 
image. The stars labeled a and b are the proposed counterparts by Elliot & Liller (1972). The position of the nova and 
the proposed two candidate counterparts by Duerbeck (1987 ) are marked with squares labeled N, 1, 2, respectingly 
(see Table H). 



are given in Table ||. The correct identification, as well 
as past suggested identifications, is shown in Fig. |l|. This 
observation makes the observed amplitude of AB ^^10.0 
mag. A representative comparison of images is shown in 
Fig. H demonstrating the presence of significant quiescent 
variation.^ 



^ Even though the photometric bands are different between 
these observations, we can safely conclude that there was in- 
deed a fading on 1987 April 25 from the following reasons. A 
V-band observation should naturally be brighter than B-band 
observation, considering the unavoidable interstellar reddening 
and the consistently observed positive B — R color index. The 
object is clearly visible in R band image (Fig. ^) at the nearly 
same brightness as two western stars and also is in Bj image 
(Fig Ek) brighter than these two. It is quite natural for the 



3. Discussion 

3.1. Classification among Recurrent Novae 

From the relatively blue quiescent color, the object is 
unlikely a symbiotic-type recurrent nova having a giant 



recent reviews of recurrent novae, see 


Anupama 1992; 


Sekiguchi 199£; 


Anupama & Mikolajewska 1999; 


Hachisu 



Kato 2001b). The object more resembles recurrent no- 



vae with main-sequence or slightly evolved secondaries: U 



Sco (Barlow et al. 1981; Sekiguchi et al. 1988; Schaefei 



arenova. The star, however, almost disappeared on the V im- 



age (Fig. 2 b). Such a change can not be explained by a color 



effect, but must have been caused by its intrinsic variability. 
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Table 2. Photometry of Quiescent IM Nor 



Plate 



Date 



Magnitude Band 



J1628 
XV224 
XS224 



1975 Jul. 7 
1987 Apr. 25 
1992 Jul. 24 



18.0 
19.5: 
17.0 



B 
V 
R 



1990; ^chaefer fc Ringwald 1995| ; [Hachisu et al. 2000a ; 
Thoroughgood et al. 2001|); V394 CrA (puerbeck 1988|; 
Sekiguchi et al. 1989|; [Schaefer 1990|; i Hachisu fc Kato 



2000|);|T Pyx ([Barrera fc Vogt 19891 ; [Schaefer 199' 
Schaefer et al. 1992|;|Knigge et al 2000)); CI Aql (|Kiss et al 



2001 |; patsumoto et al 2001|; [Hachisu fc Kato 2001a|); 



Nova LMC 1999 No. 2 ( ^ekiguchi et al. 1990| ; [Shore et al 
19910 



Among these ob j ects, U Sco ( Barlow et al. 1981 



Sekiguchi et al. 1988|; [Kiyota 1999[) , V394 CrA ([Puerbeck 
198^; ^ekiguchi et al. 1989[ and Nova LMC 1990 No 



2 ( Sekiguchi et al. 1990 ) show extremely rapid decline 



and ar e unli ke IM Nor. As already suggested by Elliot fc 
Liller ( [1972| ), the slow decline of IM Nor resembles that 
of T Pyx. However, the light curve of the 2002 outburst 
(Fig. H) drawn from observations reported to VSNET 
Collaboration^ more suggests a moderately fast nova with 
a ta of '^SO d. The moderately structured light curve, in 
contrast to those of fast recurrent novae (the best studied 
example being U Sco, see Hachisu et al. 20d0a| ), also makes 
a resemblance to a recently recognized recurrent nova, CI 
Aql ([Kiss et al. 200l[; [Matsumoto et al. 200l[). From spec- 



troscojfy, IM Nor is reporLed Lo show long pei'sisLeiice of 



■a 

a 

'a 

6J0 




300 320 
JD - 2452000 



CI Aql 



_l I I I I I I I I I I L. 



660 



720 740 



JD- 2451000 



Fig. 3. Comparison of light curves of the 2002 outburst of 
IM Nor and the 2000 outburst of CI Aql. Modulations are 
superimposed on decays resembling those of moderately 
fast classical novae. 



Fell hnes (ReLLer cL al. 2002), suggesLiug that more ma- 



sical nova- like spectrum just after the maximum (Uemura 
Kato 200"0| ) and the appearance of nebular lines at later 



terial has been ejected than in a typical recurrent-nova 
outburst. The spectroscopic signature of massive ejecta 
makes a close resemblance to CI Aql which showed a clas- 



stages (Matsumoto et al., in preparation). From these find- 
ings, we propose that IM Nor and CI Aql comprise a new 
subclass of recurrent novae with massive ejecta and long 
recurrence times. 



http:/ /www. kusastro.kyoto-u.ac.jp/vsnet/ 
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3.2. IM Nor in Quiescence 

Quiescent IM Nor has several unique properties. As shown 
in Section ||, the total outburst amplitude of IM Nor is AB 
~10.0 mag, indicating that the quiescent counterpart is 
fainter than usual recurrent novae (see e.g. Hachisu ct al 
(2000b); the large outburst amplitude of U Sco is difficult 
to reconcile without a special mechanism). Furthermore, 
IM Nor is unique among non-symbiotic recurrent novae 
in that it apparently shows significant variation in quies- 
cence (Section |[ no high/low state transitions have been 
reported in T Pyx, CI Aql and U Sco). Such low quiescent 
brightness and the presence of variations could be inter- 
preted as an effect of a high inclination, i.e. the observed 
variation in quiescence may reflect eclipse-type or orbital 
variations. In such a case, one may expect to see orbital 



modulations or eclipses in near future (cf. U Sco: Hachisu 
et al. ( |2000a| ); CI Aql: [Matsumoto et al. (200l| )). We en 
courage time-resolved photometry during the present out- 
burst to test the presence of possible eclipses, since eclipse 
observations during an outburst, if observed, can severely 
constrain system parameters and the outburst mechanism 



(Hachisu et al. 2000a; Hachisu fc Kato 2001a). The low 



quiescent brightness may also be a result of a circumb i- 
nary disk, as proposed in U Sco ( Hachisu et al. 2000b| ). 
Further observations of IM Nor in future would provide a 
constraint to this interpretation. 

Alternately, if no eclipses are observed in IM Nor, 
the presence of significant variation in quiescence makes 
the first indication of high/low states in (non-symbiotic 
type) recurrent novae. Since high/low state transitions 
are more commonly seen in supersoft X-ray source 
(RX J0527.8-6954:|Greiner & Hazen 1996|; |Greiner et al 



And: Beuermann et al. 1995; Grcincr & Wenzel 1995; V 



1996 |n^AL 83: [Alcock et al. 1997|; [Kahabka 1998|; Q R 



Sge: [Greiner fc Teeseling 199g ), which are supposed to be 
a close analog of recurrent novae (Kahabka et al. 1999; 
Greiner 200C| ; Hachisu ct al. 1999), further observations 
and modeling of quiescent IM Nor is expected to provide 
a missing link between recurrent novae and supersoft X- 
ray sources. 

The authors are grateful to the observers (Andrew 
Pearce, Jaime Garcia, Raquel Yumi Shida, Bruce 
Tregaskis, Alexandre Amorim), who reported visual ob- 
servations of IM Nor to VSNET. This work is partly sup- 
ported by a grant-in aid (13640239) from the Japanese 
Ministry of Education, Culture, Sports, Science and 
Technology. This research has made use of the Digitized 
Sky Survey producted by STScI, the ESQ Skycat tool, 
and the VizieR catalogue access tool. The CCD operation 
of the Bronberg Observatory is partly sponsored by the 
Center for Backyard Astrophysics. 
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